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_ .-,‘, ., : . . SUMMARY,, <‘: :.. ,: ., :, ‘/ ,. ,_ ;.. .., ‘., 
‘. I, ” 

investigation.w& made. in the Langley 'high&peed'Ti by lo-foot. 
I : j .' tunnel to &ete@$ne the high-peed lateral;and directional stability... .. 
1  " characteristics of's O.lC-scale, model  of the Grumman-XFgF-2 a@$l.ane ,- I !C. -.,.. $n,'the &ch n~ber~rar&e',Pram G.!tb tc 0.85.;: : .I : ,-:;;; .-.,'::. .', ;,JL ,:The results'indicate that static lateral anddirectional 'stability:, 

~ : ,-' . ,.~.' I. ' <,. ,' 'is present throughout'the Mach:nqber range investigated although:in ,'. 'the ,,:.,. .. ., ..~.. .' Mach number range fram.0 :75: to 0.85 there is :an appreciable decrease 
i, : :‘ .I,., in rol l~ng~mcment due.to' side.slip. Calculations;of the dynamic stability !,': ,,..T' : I* i ' indXcate t&t according'td current f lying~ual%ty'requirements the ~' 
i. i : :$i': . 'damping of.:the l+te+i~ oscfllation, although,,protjably satksfactory.for .:i ,: .- !<',' ;j' the,-seacle;vel'condr'tiori,'may not be satisfactory for the majority of-, 
1  i .,,I- .' 
1  iL the .alt~tu~e',~conditio~s investigated. ,,,, .:. ';.: 
j 

_  ,. : : " : .,:. .'I, : .'>_., '. : 1  'I : '. . . .;;'. :. ', .:-:, 3  ,' ,';;y' ,' I. ..< 
!,, .-, '. 

-'- ) .: *ODU~~IOII ., ,. : ,,' '.;( :,* ._ ., .; / :. .: ., .'..'/, '.,'.' :.. ,., ',l. .‘i.. : . j.. _  ', .I ; ,.' ," :. -..__ . . f 2. _- _:_, ,. ,I ,. ;, I. 
: At the.request- of the-B&au.of Aeronauticsan investigation Of<-: -' 

the high&peed.stabil i ty'and control.characteristics:of,a O.lO-&cale '- ?$-r. .2qms.'. &6'44.*fi -#r;.,*-‘ mo&l‘of t~~~'~~.~~.~g~'Fa~~,~n~'.was conducted in the Langley ,. 1. . . . ',, ?.; ...;':‘:::~, .high-speed: 7i by-i~foottu.nnel.' ,: i. I.' ,. 
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, The .results .of the longitudinal stability and control invest5gation k --kave been kehorted in-reference 1. The present-paper presents the '+. 1 (?.. ?. 
F !. '~~~r~eEilta-of'-t~~-'~t~~l and‘directional stability investigation at Mach 

i '. 
:numbers ranging fram 0.49 to 0.85, and includes calculatiok of the 

estikted'~'pel'&d and damping characteristics of the rudder-fixed 
,. : -',.'::lateral osCillati&. 
# ‘1:. 
“,, . , 
! ,.,’ .‘T,,; ‘, 

. 
i ‘_.,:, 

;: i +/: ., (. 

.; : .,‘. : .1 .,:. .;, 

1 CCEFFICIENTSAND~OIS 
t ,' '.._., - 
i .a( 
p . . . 
n: 8. ,' The .stability system ofaxes used for the presentation of'the data, 
1 ; together with'an:indicatiori of the positive forces, mom&m, and -' 

anglesj'is prese&,ed in figure l:“The's$mbols used are def@ed as' ,, 
!' : follows:, (, ,:,;: :' '_ .( 

; 
: 

',,':: .' -, 
.' .., 

', ::,:' ,' ', 
"- ; 

:a .,, ,' ,' j.. 
-2.. : .;j ,' x '1;' 

; 
.r&ling 'iKnI@pt, Too&-Ijoii+ls ,',' ,. " . . , .' ; . _, . N 'foot+p.oGds I. ;._,: 

,,,,, 
: : .-,, )> ,y,..... -: - ;: :.(:' ,,, 

: . ,.,', 

lat,eral, force, pounds.',? :: 
' :' .; .: _i 

':' ' 
,' ;. :. ,:'.-.,, 

,., '. .' :, I, ;,- : 
w~Q&, pounds . . ‘. I: .( ; : 

r, .- ., >- ‘,., . . i . . I ‘_ ,, ‘. . .., ,:. 
p&ds'& sqw& foot. '_ '. 

.: ., 7.. 
.’ ., 

, slugs"peti cubic foot ,' 
I..,.. 

;;, 
-.,I '.. ,, 

+ free4tream ~velocitg, feet pee second .' " ~( .~ ._ :t,. 
.,,:: .,, ” 

s ,’ :., ,,: .,., 

/- ,.:_ ;.:....:; _’ ‘, 

“_ .‘S. J 
,. 
I 
I ,b 
; ~~~oJ~hr+h‘.&$i- 
a .M, 
" 

‘. ” 

. . I’,, 

.‘. 
“2 :?$a x&&;~ -: 

king 
: -.-:. :, , ,.-; 

Mach 
,' 

'area;' squarefeet ,. ,( 
spaxi; feet :: 

‘“. 

i _.. 

‘. 
,:. 

: 
“, . ..?.+?!&‘i-‘M=. _I <Id I -. L:,. 

1; 

A. It 
3--- 

=. ,:., ?  . . . ._I.*. . 

‘: 

.:. 

. a velocity of sound; feet per second '. ' ,. ., ~ ..' . . . -, I -" .. ,,. ., ,. _' .,_. i. " '. . . . . . . ', _. : .,. 
I. L ." : . '- -‘.:' " .' .: -.,' 

: ',. i-, "' : : '$,, . ;;;f;.. ; .. : -. '. -. ; .,' 
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i .' :. ,I 
v 3 

i 
..$.., 

‘, ; 
.. Reynolds,numMr (pVc;/~) 

c ' 
,$ ,,.R 
I .; 

1 

.’ : ..r. L.‘. ,-.&y .: ), : ,- 

,.,, ‘. 

absolute viscosity of air, slugs per foot-secand ; ,. ., .,.-._ '8 ..- -: .;: ._ ., _ .., _,.- ..._,_ _ ,_;, 
s 
: measured fraan the.X-ax@ to $ ,. a angle of attack of %del, .,..:. 
I the fuselage reference line, $egrees 

.:.:.~# 1,. :i i . . ,: 
s : ,,:$3 : angie of sideslip, tidians ;.I z. ,...~ : \ : 

,&gle of yaw,.degrees 

a;ngle.'of attack of pr$ncipai~longitu$i~l axis of air- 
: -P+e, poeitive when.principal axis is above flight 

path at the ngse, degrees 5;. .: i _ ." ,. _) . . I. , . 2' : y. 'e I a&e between fuse&$ referbqce line, and principai ax& 
18 .- i './ 'hositipe ,when fuselage rbference.line is.abov~ prinCipa1 

/ ', ‘axis, dkgrees .. . . :., ” ‘,’ : I, ‘, .,‘, : ,’ : , 
“':a~& +$iight.:pa$h to horizontal axis, positive in a : 

climb, :aqgre.es .., ,,. .:,: .( 

lling a~ular~veloc~~y,'.radians per second .,_,, ,, ,, 
.: /' .,., (. .-,',.. ., : 

.:yawin@; ]arigul&velocity, radians .p&. se,c.ond, "',_ . . _ .,'. .' 
""'~aius:‘.b;f"~~ti~~ in roll &bout $?in&ipal &ongitudi& 

: 
..: .,,' '.. .,. 

:' -: ,I;,, : 

_ ,., . . .I.’ acz .’ 
, ,-::,‘, f.41 7 .g--. ..,:‘, 

.‘. ’ 
-., -:’ .:; ;:i: ,:, ” : -, 

i ‘,:..; “. . . . . . 

-- J# 1”: ‘: : i~~-~~.3& .e _ il ! . . . ‘. ; .’ I ,. ~. _ 

I. 
E. ;, 

acy- 1 ;. ; . . ., 
cy* = ‘$-.. 

: ,,,,: 7-1 * : 7 .; : *, .( 
: ‘.’ /, 

C-..’ -:- “.‘., : ,,;a>, ‘: ~- . . . . . 
: --:- -- 
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., . . '. 

,:;. a ; 

I" ,. ;: 

', ,. 
- .'. 

.I%., -'..-., _: .;, ,:. ,,QV< -:,'. ,._; ,I .I_',.. ,. 
. ;,> 

.," ,,, " 
,..I.- '. I . 

.:,,., ..,'. : 
': ,...' 

,' 

i 
..: ,. -:, .,:,' ', 

1: '.. ,, " 

b 
.,,,I 

@PA-&&s m wHOI)S '. ,'- ,' ,': > 

4 "...' 
.:;, ' 
.,I. : 

: .',( _' _ 
,, ; '.I.-, Tunnel and M&e1 ', ". ., I, .' ,, .:. I .:: :._ . . . . . 

.I ': " " .i 
1 

: ',,; : 
'_, .,I, -i .., .,. 
j: ; 'ZhG .test,~"w~~~~d:bnducts;i:,in +&'&n&y big&speed 7-by. l&&~ 

". t:,. tunnei,.which is a' dosea, rectangular tun$l 'of the"ret&-flow type 
,. ‘,' 1 .) ..:.w$k;d 9 ~t%ntk&ti,on ratid,,o$ 15.,7 to 1. . :. " v.' .s:. 

,, : (i >"I:: ' I:. '. ,. ,. :-. ' _, ̂. .,:,', .‘: ,' '1 
: ., 

,I .~&zi ~~.~,l~i%lb~..,Steil "&c&l & c&stm&d: at the David Tayl& 1 
..;' .Mc&l ~B&Q$; &$&&&; : &ehna; : 'Details of the model ak.,tested 

',":,:;' .- .,' are,.rjreserit'ii;a:~~~'f~~~":2i' '?le m&el'waS testbd t&agh a &ch number 
ran.ge of 9’&F&j~~-.Q.i85 at 'iariotis :angles .df .$a$'& ihe sting supper+' '-" .' 

., 
Mach nu&er for .airemge 

.The degree of turbul6nde.6f 

. . . ._:. . . . : : "' _' ; '. 
S& -~~~T.~...*.~~~.~~."~~~~.~~. .I D . '" 3 5 ". .","-~kc?lcr -I '?' y .= : Supp~rj.~ystqn. ., _. -, : j . a 'I 

,;, ,i; _, ;a:.. -~ .,. I_ _' .-, 
; " A st&,&&ppo&~kystem & ked'to suppo& the model in-& t&l 

\. ', ~ .ar?X a-phot6grapki,of the test'setup ,is present&i as figure 3. The 
e+enaed frqn the.rear of-the fuselage to a vetiical strut located 

sting 
,.,.- . . ,. ',, ,._ _. :. ... 2. '. . I,, .: 

-.. :. 
i' 

,::. '.- '~." "' ). - '.'., ..,.v : ,b ..:.. i:i ., r ', 
',. . . 

._ : .' , I , ', 
., ._'. '. .f:'. :. ,.: ,. ,,/ .~ __ ____ -.-__ -.-.--.-- .~ 
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.':!iehind. the test section. This'strut was~mountea ti the tunnel balance 
7." I.',,0 F_ II 

ii 
:'-. 

.&y~&~-pn~.was shielded fraan the air str'eam by a streamline fairing. ', - .* '. .,._. 
JJ!he tare forces and ,mcmen%% prpdti&a by$he sting were determ-ined 

i( 
$hrough the Mach number range by mounting the model on two.ting stings, 
.'irhich tiere also attached to the vertical strut, and testing the model 

'i. With and without the center sting. 
i: 

With the center sting in place, the 
.duct flow was bypassed through a -hole in,.the underside of the aft 

$. portion, of the fuselage, while withuut the center sting, the flow was 

1, 
exhauded out of the rear of the fusetige. Therefore, the corrected data 

'.:‘ rep*eGe+., Within practi&i limits, the powei+ff condition.w$th flow out 
,: 

i 

.of the rear.of the,fuselage. Angles' of y@ were changed by the us& of ~;. 1) ;~nt&~hangeable couplings in the qt'ings aft of the mod&l. The deflec- 
u tions of the support syst~~und&r load were determined fran static " 
1 
/, ." lo$i$ tests. ,' r ,. 
gt' .,' 
1’ ,.. , . :. 

,‘._ ‘. $O~&i&S ‘1 :: ‘, :_ ,, 
.T ,, : _/ 

.,Th& tetit.,regul$s ~~e~~e.en'~orrectea'for the.tarb folices tind 
:.i ihne&x.@cxlu~e~ by .th& s~pporl'Ei~&&. ,j%e coz+ectitis-due to'the 

5: .~.~et-bo~~ry-induced:,upwash were camptited and fou& tbbe 'negligible ,' 
[;y 

I, 
/: _, 

fi : : 
'ana the&fore ,MV& not denapp1Jed.r The ajmamic &sstiG,ana Mach 
nirmb&r~h[a~e be&~correctd for blocking by thb lddael'ar&$ts +&,by, 
,t+e m&hod of'~~&&'&+nce 2: 1 :-: . . ;; 

.. .: ..(, ., ,. ; . ..'.... -.' _:,. -..' 
._ .(. (, ,. 

,.(. :“” ‘.;.. 

', “ ,I .,: ,.,’ . . . ~JBXJSSION 1 ,; 'I., 
%I ,';. I.. ,' " ,. : ".: ,, ,_, \‘:. .a ~Ba.Yic',;-p~~ ._ &le'baM,c. &da &e prese&e&in figure ,5 :ifi the k&n ,'. " 

;?f.. si,~~for~~,,,gnt, a@ rqllingdlirment c'&fficienta piott&,, ,, 
aga~nst~;.angle,~.~~:~w at zeM.,'angle df attack for varitis%ach numbers 1. 
,*a ,o ;qp ] t-ij~,6,"$j~,::-.~ .; '1 : 

.;. ' ..' _I', .., .. ,!. _ I,-.._ ,,; i ..I :"‘rateralstab~iit‘.~~,:"- . 
y parameteri .- Th& iaterai-stability~parameters, 

&&net3 fr$i'the ba'tiid d&a of figure 5; 
of 'Mac,h'nu&ber in figure 6?:'The vtilue?,' 

are pr,esented a's a fun&ion 
when e,xtrapolated to;a M&h'..,', 

n&ii& of :&i8,: ar&,,in &o&d .a&e&nt with the lowepeed wind-tunnel, 
'Pestilts presexited iri reference 3 witti“the exception of the effe&Xve 
dihfid+ param+e&.,:. C!zllr w$$h appeaq tonp$ab&t 15'pf+?ent higher. , 
t&&-the lo%Gsp&3a~'<aJue. However, the low-speed mo&$ &s tested " 
wit&o&tip tanks, an&i& '&s been aemo&rated~'on similar-mo&iEi'@%r 'i: ': 
example, ftg. 2$ of reference 4) that tip tanks. c&n eaGi.~~,$&&e,ti;e ,. 

: 

c equivalqqt to about,lOO l,, I with Mach nuder; up, to O‘i75 where it is'equivalent to about 150 of, 
%: '".., 
!' 

positive ge.mtric YEhedral.". '(See,+reference 5:) Above a Mach numb&:. ', ,' 
: '.'. I.. ,,~ ; 

';. ,.- -, 1. :, 1 
.,. " .. 

B'.', ;; L .,;- ; J-$;. .: '._ 
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., . . 

of 0.75 there is a decrease'.iri the effective dihedral with'incr&ing (- _ 1.' 
,- Mach number which is. pkbably 'due, to a loss in the wing, dihedral effect- . 

since the losti occurEi at the same Ma&number as the loss,,in ‘lift- ': 
ctie slope. (Se& fig,; li, -02 ‘+e&gfenc~~ ,1q)-‘."-.~ -y'c-~?*'= ' - .?".,ZV. : .,; _. 

.St&ic dir&tional stability Cn 
111 

is present throughout the Mach ,'. .,. ,, 
iumber,range and inc?eases from a value-of a.QO21 at': Mach number 
of 0.:40 to a va~lue-of.+~0027.at a +ch number of 0.85.: '~ ,' , ,' .,, 

P Dynamic stability.- The per%& .oP %&I ruddekfixtk l&rai . 
: $7 

os'cillat.ion and the .time ar&tiycles~required,to.Asml,.the ~Oscillation 
;- j$ 
'. :,\ : .! : ,/.:. . "I.. 

to on+half amplitu+e have been'&valuated:by:the'~&th6$ of‘r&'e>erke G.,l-', ,.: ';, 
and are present&% in fi&ure.7 foy.,severai wing"ioadi~s"arid'altituyies ., ; .:'- 
tkir;oti$jhou$ the M&ch ntiber'range! ,The various pa-@*erg .&kd in'th6 I. ' .:"' 

-. caicul&iotis are pr&s?nted in t&tile I. The ro%aq. 46i;$iatives, were '- '.' ; ;;':I': 
4% ., e&i&&. with the,ai$ of .+feren&s.3 'and,YL to &O;- -Algo; .pPesend@. -,,.y,, ': 

ixi,figuirq: T,ie:a ckpd~.~,.of the damping charac$erist%ks ,wit@ the 
requirements set forth in reference.11. 

I..., . . 
'According to these requiye- ,,I. ,*.,; @$ 

0 . . m&k,, 'the m&ng. of the osCilti&i.,on is -satisfti&ory fdr .t* Bea-l~vel....:;'~ ; :'k 
_, cond.itJ&but unsatisfactory for the tiJ,o+ity of. the .altitu$e# conditi&k.:].; .'.- ': 1.: 

inve&tigated. ,.. ;;:,' _,: ':.I: '_ ., ; ,,/ ,qg 
.\ ;' r .- .,:, 

.,,,;:, , ~ ., ._. '., ..,... .'L;. :., ,,, ?.,,~;g$ 
. :' _,. : ,. .' " ._'L .~, ,, ~. ,* :. ,,',. .I . . : ..' . . . _ :. ,'., .', 4.. ". ,', , ,. ,: ; . . . . . . ', ^. ,"I;- . .,~ _, .: 

: I ,@urs'I(-)NS"' ; ; '.,;. ',:; ,;.- '.,, ., , " ..: ,-, 1. :: 
. 

,,: 1: .::). , ,,: .;,,-; 
. . ._. .( ., " , ,., ,,A- .. ,: ./ _', ,. :;. '. ~. ,. '; ,.. : ,-.'. : : : .', ,,.. 

: .B&e& on &&hspbet$ $n&&$tests'of k.e Lat.&&l stibilitg:,::,V;Je ::, 
';,;;r';@ 

:.q $$ 
. . . . . ",. i ,+. -' characterk&itis of,a O.lO-sctile rn%$&, d',the'Gvi %3'9??&'6kr$ane. 
i..: ./ in the::,pch numbe? rang&,,fr@,,,O;40, to,?.85J' &he fol$Wi.ng (+~lusicpI$, 

,.' ~.,,.;;j 
, ;,,:;. :. 1,; have'behn am*: ,‘.. ‘_’ ,_. .“..“f”, 1, ; .‘: ,,. ,. i ::, , ,: ” ‘., ,. .- ..-, ./, :,,,; (: ,‘, “. ; -. ,, ;;%A 

..l.. St,atik l.&l&dqna direct,ional stability.i.8 present throu@;houi;.. '. ., ',,,.# 
,',- th?,Mach.ntib,er range.investigated. although in the h$h kkiber rang6 

frti.@'.75 to 0.85 there is 5~ appreciable decrea.se.in rolling,mc+?tit' : 
,I. 1, .$,.." 
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